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"Gulliver" (1) i s  an experiment designed t o  d e t e c t  e x t r a -  

terrestr ia l  l i f e  and t o  begin a study of i t s  metabolism. 

f i r s t  a t tempt  t o  f i n d  e x t r a t e r r e s t r i a l  l i f e  must be based upon 

c e r t a i n  assumptions. 

G u l l i v e r  experiment assumes t h a t :  

Any 

A s  w i l l  be discussed by Horowitz ( 2 ) ,  the1 

I 
A.  E x t r a t e r r e s t r i a l  l i f e  w i l l  be of a n  aqueous, 

carbonaceous na tu re .  

be s i m i l a r  t o  t h a t  on e a r t h .  

widespread ex i s t ence  of microorganisms i s  
l i k e l y  

B. Its biochemistry a t  the c e l l u l a r  level w i l l  

C .  If any l i f e  e x i s t s  on a n  a l i e n  p l a n e t ,  t h e  

These hopeful ly  reasonable assumptions provide t h e  b a s i s  

design of an experiment which can ; IC  flown and performed 

nea r  f u t u r e .  
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Having decided on the type and form of life to seek, the next 
question to decide is where it should be sought. 

agreement that the planet in our solar system most likely to support 

extraterrestrial life is Mars. Venus has been mentioned as a possibility, 

but recent temperature information has been adverse from the stand- 

point of supporting life as we know it. Lack of knowledge concerning 

planets beyond our solar system and the inability to send instruments 

there preclude such exploration from immediate consideration, 

There seems to be general 

Having chosen the type of life to look for and the place to 
look, the problem of how to implement the search for it remains. This 

paper offers one approach to that problem. 

Because of technical considerations, early experiments with 

instruments to be landed on other planets may be of relatively short 

duration. Environmental considerations ( 3 )  make it likely that, if 

life similar to oulsdoes exist on Mars, the number of organisms per 

unit of surface area is less than on earth. Both of these considerations 

malce it imperative that a life detection test be highly sensitive. 

Radioisotopes fulfill the requirement for sensitivity. Moreover, they 
can probe metabolic reactions at the molecular level. These advantages 

combine to offer a technique that can provide very rapid detection of 

fundamental metabolic processes. Furthermore, radioisotope techniques 

can be employed with relatively simple instrumentation which can be 

readily miniaturized. Power requirements for operation are small. 

Essential to the radioisotope approach is the development of 

a medium, or media, containing appropriately labeled compounds. The 

ease with which microorganisms can be detected by collecting and 
14 14 counting C 0 evolved by them from substrates containing C has been 

demonstrated ( 4 ) .  The production of gases is common among earth micro- 

organisms, and probably all species produce carbon dioxide. Other 

metabolic gases which could be readily labeled in one or more elements 

are methane, ammonia, hydrogen sulfide and molecular hydrogen. At 

present, only C is being incorporated into experimental media be- 
cause it has served successfully with a wide range of microorganisms. 
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%-V types of  media are cu r ren t ly  being deveioped. Tie f i r s t  

i s  a complex medium incorporat ing e s s e n t i a l  inorganic  sal ts  and 

organic  e x t r a c t s  and compounds (1). This medium i s  being designed 

t o  support  as wide a v a r i e t y  of microorganism spec ie s  as poss ib l e .  

Aerobes, anaerobes,  f a c u l t a t i v e  acaerobes,  thermophiles,  mesophiles,  

psychrophiles , heterotrophs , autotrophs (illcaudiag phototrophs and 

chemotrophs),spore formers, and nonspore iormers have been success-  

f u l l y  de t ec t ed  with i t .  However, some spec ie s  of microorganisms 

are known t o  be i n h i b i t e d  by various organic  compounds p resen t  i n  

complex media. Therefore,  a p a r a l l e l  e f f o r t  i s  underway t o  develop 

a simple medium which, except f o r  the labeled compounds, contains  

no organic  c o n s t i t u e n t s .  

The s e l e c t i o n  of r ad ioac t ive  compounds fo r  i nco rpora t ion  i n t o  

t h e  media i s  based upon t h e i r  ready metabolic conversion t o  r a d i o a c t i v e  

gas .  

and of t h e  Embden-Meyerhof pathway i n  anaerobic  metabolism makes t h e  

uce of C -metabolites r e l a t e d  t o  them highly a t t r a c t i v e  s i n c e  both 

sequences of r e a c t i o n s  produce carbon dioxide.  To d a t e ,  best r e s u l t s  

have been obtained with a combination of C 

l abe led  C -glucose. However , various Cl4-labeled amino a c i d s  , 
microb ia l  extracts and o the r  compounds are being t r i e d .  The choice of 

r a d i o a c t i v e  s u b s t r a t e s  f o r  Martian experiments must a l s o  involve a 

d e c i s i o n  as t o  t h e  probable na tu re  of Martian biochemistry.  

be discussed i n  t h e  paper by Horowitz (2 ) .  

The widespread importance of the Krebs cyc le  i n  ae rob ic  metabolism 

14 

14 -sodium formate and uniformly 
14 

This w i l l  

When t h e  f i n a l  media a r e  developed, racemic mixtures of t he  

l abe led  and nonlabeled o p t i c a l l y  a c t i v e  compounds w i l l  be  incorporated 

where p o s s i b l e  s i n c e  o p t i c a l  s p e c i f i c i t y  may be exh ib i t ed  by l i f e  on 

Mars and i t  might be d i f f e r e n t  from t h a t  on e a r t h .  

The c u r r e n t  model (5) of Gull iver  i s  shown i n  Figure 1. The 

experiment w i l l  funct ion i n  the  following manner. A t  least  two 

ins t rumen t s ,  one a tes t  and t h e  other a c o n t r o l ,  w i l l  be incorporated 

i n t o  a capsule  dest ined t o  land onKars .  Sealed ampoules con ta in  t h e  

r a d i o a c t i v e  medium. The e n t i r e  instrument i s  being designed t o  with-  

s t a n d  h e a t  s t e r i l i z a t i o n .  When the capsule  lands on Mars, squibs  w i l l  

-3 - 
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FIGURE 1 

GULLIVER, MARK 111 

Size: 158 cubic inches, weight: 1.5 pounds. The instrument is 
designed to function independent of its orientation. 
hydrophobic solid foam baffle prevents the liquid broth from 
contacting the detection. 

A 
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f i r e  t he  p r o j e c t i l e s .  Each w i l l  deploy a 25 foo t  length  of s i l i c o n e  

grease-impregnated r e t r i e v a l  l i n e  over t he  s u r f a c e  of t he  p l ane t .  

The motor w i l l  then r e e l  t he  l i n e ,  toge ther  wi th  adhering p a r t i c u l a t e  

m a t t e r ,  i n t o  t h e  incubat ion  chamber. During t h i s  pe r iod ,  t he  c u l t u r e  

chamber w i l l  achieve equi l ibr ium with t h e  Mars atmosphere. Af t e r  

t h e  l i n e  i s  r e t r i e v e d ,  t he  incubat ion chamber w i l l  be sea l ed  and the  

ampoule w i l l  be broken, r e l eas ing  the r a d i o a c t i v e  medium onto ' t h e  

l i n e .  Attached t o  t h e  ou t s ide  of the chamber is a the rmos ta t i ca l ly  

con t ro l l ed  hea te r  t o  prevent  f reezing.  

on the  s o i l  p a r t i c l e s  and a r e  a b l e  t o  metabol ize  any of t h e  labe led  

s u b s t r a t e s ,  r a d i o a c t i v e  gas w i l l  be produced. 

I 

I f  organisms a r e  p re sen t  

A t h i n  window ge ige r  tube  i s  mounted d i r e c t l y  above the  c u l t u r e  

chamber. It is  prevented from "seeing" t h e  r ad ioa  medium by metal 

and s o l i d  foam b a f f l e s .  l t u r e  i s  f r e e  

t o  t r a v e l  through the  b a f f l e s .  The window of the  p i g e r  tube is  t h i n l y  
14 cos ted  wi th  barium hydroxide which t r a p s  carbon d ioxide .  

c o l l e c t s  on the  g e i g e r  tube window, i t  is  de tec t ed  by a r i se  i n  measured 

r a d i o a c t i v i t y .  The g e i g e r  tube counting t h e  C i s  surrounded by a 

r i n g  of ge ige r  tubes connected i n  an t i -co inc idence  c i r c u i t r y .  Should 

o the r  r ad ioac t ive  elements be used i n  t h e  experiment,  app ropr i a t e  

"ge t t e r s "  w i l l  be appl ied  t o  the  face of t h e  r a d i a t i o n  d e t e c t o r .  

However, gas produced' by 

As C O2 

14 

Simultaneously 'with t h e  inocu la t ion  of t h e  test instrument  as 

j u s t  desc r ibed ,  t he  con t ro l  instrument w i l l  a l s o  be inocula ted .  How- 

e v e r ,  s h o r t l y  a f t e r  i nocu la t ion ,  i t s  c u l t u r e  chamber w i l l  be i n j e c t e d  

wi th  a broad spectrum ant i -metabol i te  ( a l s o  under development). A l l  

d a t a  w i l l  be t ransmi t ted  t o  e a r t h  by r ad io .  The p 

t y p i c a l  b i o l o g i c a l  growth curve from the  t e s t  i n s t  

nega t ive ,  o r  m a t e r i a l l y  reduced, response from the  control inst rument  

w i l l  c o n s t i t u t e  evidence f o r  microbial  l i f e  on Ma 

reproduct ion  does not  occur during the  c o u r s e ' o f '  

r e s p i r a t i o n  of t h e  metabol iz ing cu l tu re  could s t i  

While the  p re sen t  model of Gul l iver  u t i l i z e s  ge iger  tubes f o r  

t h e  d e t e c t i o n  of evolved rad ioac t ive  g a s ,  t h e  use  of s o l i d  s ta te  
-5 - 
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d e t e c t o r s  has been explored (2 )  and i n t e r n a l  flow counting i s  now 

under study. The l a t t e r  o f f e r s  increased s e n s i t i v i t y  through b e t t e r  

geometry for  gas c o l l e c t i o n  and r a d i o a c t i v i t y  counting. 

Gull iver  has been t e s t e d  i n  the  laboratory and i n  t h e  f i e l d  a 

number of times. Figure 2 presen t s  f i e l d  t es t  d a t a  obtained from two 

of  t h e  instruments ,  one se rv ing  as a test  and t h e  o t h e r  as a 

s t e r i l e ,  uninaculated c o n t r o l .  The experiment was conducted near  

Washington, D .  C . ,  t h i s  p a s t  w in te r .  The 650 CPM evolved by the  

s t e r i l e  con t ro l  i n  24 hours i s  caused by selfLdegradat ion of t h e  

r a d i o a c t i v e  compounds. While of a minor magnitude compared t o  t h e  

response from the tes t  instrument ,  t h e  s t e r i l e  c o n t r o l  does r e q u i r e  

a t t e n t i o n .  The c u r r e n t  instrument i s  designed t o  provide c a r r i e r  

carbon dioxide t o  f l u s h  out  r a d i o a c t i v e  carbon dioxide accumulated 

I 

during t h e  e i g h t  month f l i g h t .  

The r e s u l t s  from a f i e l d  t es t  i n  which a n  a n t i m e t a b o l i t e  was 

in Jec t ed  i n t o  t h e  con t ro l  instrument a r e  shown i n  Figure 3 .  

Unfortunately,  t h e  t iming of t he  an t ime tabo l i t e  i n j e c t i o n  coincided 

with t h e  i n i t i a l  p l a t eau  demonstrated by t h e  un inh ib i t ed  c u l t u r e .  

Even s o ,  the d i f f e r e n c e  i n  t h e  two responses become apparent .  Future  

f i e l d  t e s t s  of  t h i s  na tu re  w i l l  determine t h e  most advantageous t i m e  

t o  i n j e c t  the an t ime tabo l i t e .  

While t h e  above curves demonstrate t he  c a p a b i l i t y  of t h e  

instrument ,  t h e  s e n s i t i v i t y  p o s s i b l e  with t h e  r a d i o a c t i v e  method is  

no t  y e t  f u l l y  r e a l i z e d .  This i s  demonstrated by Table 1 which p resen t s  

r e s y l t s  obtained from sniall q u a n t i t i e s  of s o i l '  inoculated i n t o  radio- 

a c t i v e  medium i n  one inch diameter planchets  (Figure 4 ) .  A planchet  

containing the  s o i l  and medium i s  merely covered with a second p lan -  

che t  containing a porous pad moistened wi th  a s o l u t i o n  of barium 

hydroxide. Carbon d iox ide  produced by t h e  c u l t u r e  i s  trapped on 

t h e  barium hydroxide moistened pad i n  t h e  planchet  immediately above 

i t .  The gas c o l l e c t i o n  planchets  are  p e r i o d i c a l l y  removed, d r i e d  and 

counted fo r  r a d i o a c t i v i t y  i n  an i n t e r n a l  flow counter .  With t h i s  simple 

method, responses from s o i l s  have been obtained r o u t i n e l y  i n  less than 

-6 - 
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IO' Complex Medium (1) 

C14 Substra tes -  Sodium formate (2 X 10 M) - -4 

- Glucose (3  X 1 0 - 3 ~  
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FIGURE 3 

FIELD TEST OF GULLIVER - FEBRUARY 7 ,  1963 

Uninh i b  i t e d  

Inhibited 

Simple Medium - KH PO4, 1.0 g/1 
m6 0.5 g/1 

NaC1, 0.3 g / l  
MgSa,.7H 0 ,  0.2 g/1 

-3 
C14 Substrates- Sodium formate (1  X 10 E) 

-4 - Glucose (3  X 10 l4) 

r5- - 
Y F -  
- 
- - - - - - - - - 

IO 20 30 
TIME IN .HOURS 

-a - 



TABLE 1 

EVOLUTION OF P o 2  FRW VARIOUS SOILS INCUBATED IN PLANCHETS 

Test Sample Quantity Used Time Elapsed Radioactivity Less 

Desert S o i l s  
i l  25 45 4,083 
#75 25 45 1,478 

(ms 1 After Inoculation S t e r i l e  Control 
(min) (Cpm) 

#1 
11 

P74 
174 

175 
175 

I1 
#74 
175 

50 
50 

50 
50 

50 
50 

100 
100 
100 

Garden So i l s  

A 100 
B 100 
c 100 

Fie ld  So i l s  
10 

25 

50 

100 
100 

45 
180 

45 
180 

45 
180 

210 
2 10 
2 10 

45 
45 
45 

30 
45 

180 
45 

180 

45 
180 

3,450 
9,100 

336 
1,140 

4,760 
11,800 

5,725 
2,799 
5,099 

6,747 
7,132 
1,040 

3,802 
4,000 
8,750 
5,000 
8,150 

5,550 
10,300 

Data a r e  taken from many experiments car r ied  out under various conditione and 
i n  d i f f e r e n t  media. 
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FIGURE 4 

PIANCHETS USED FOR CULTURING AND GAS COLLECTIONS 

Left t o  right: culture planchet being covered with gas-trapping 
planchet, barium hydroxide moistened pad being 
inserted into  gas-trapping planchet, view of 
one inch diameter planchet used i n  test. 
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one hour. 

s e n s i t i v i t y .  However, t he  problems imposed by the  requirements for 

remote opera t ion  make t h i s  d i f f i c u l t ,  

E f f o r t s  cont inue t o  modify Gu l l ive r  t o  achieve  t h i s  p o t e n t i a l  

While not  shown on the  cur ren t  model, modi f ica t ions  a r e  

planned t o  enable  the  experiment t o  d i s t i n g u i s h  photosynthe t ic  

a c t i v i t y .  This i s  poss ib l e  with r e l a t i v e l y  simple mod i f i ca t ion  as 

demonstrated i n  Figure 5. The curves show t h e  responses of Ch lo re l l a  

pyrenoidosa c u l t u r e s  grown i n  simulated Gu l l ive r  chambers a l t e r e d  t o  

permit  l i g h t  from f luo rescen t  tubes t o  be admit ted o r  excluded by 

the  movement of a s l i d e .  The cu l tu re s  contained equal  inocula .  One 

w a s  maintained con t inua l ly  i n  the l i g h t  and another  con t inua l ly  i n  

the  dark as references .  It i s  seen t h a t  more C 0 was evolved from 

t h e  labe led  medium i n  the  dark phase than i n  the  l i g h t  phase. This 

14 
2 

14 i s  because most of t h e  C 0 

w a s  f i xed  by photosynthe t ic  a c t i v i t y  while  t h e  CI4O 

expired by the  c u l t u r e  i n  t h e  l i g h t  2 
expired i n  the 

2 
dark w a s  a v a i l a b l e  f o r  c o l l e c t i o n  and counting. 

o s c i l l a t i n g  between t h e  l i g h t  and dark phases demonstrate t h e  r a p i d i t y  

wi th  which photosynthe t ic  a c t i v i t y  can be de t ec t ed .  Grown i n  the  

The two curves 

14 
2' l i g h t  f o r  l e s s  than two hours ,  the c u l t u r e s  re leased  l i t t l e  C 0 

When l i g h t  w a s  excluded, t he  r a t e  of C 14 O2 evolved from the  c u l t u r e  

increased  approximately f ive - fo ld  wi th in  45 minutes.  When l i g h t  was 

aga in  admi t ted ,  C 0 evo lu t ion  promptly f e l l .  An almost  i d e n t i c a l  

response occurred through another  complete d a r k - l i g h t  cycle .  Thus 

t h e  p o s s i b i l i t y  of d e t e c t i n g  photosynthet ic  a c t i v i t y  on Mars by 

14 
2 

14 
using n a t u r a l  o r  a r t i f i c i a l  l i g h t  t o  modulate C 0 product ion by 

2 
t h e  photosynthe t ic  component of the c u l t u r e  is apparent .  

What is  the  s i g n i f i c a n c e  of t h e  d a t a  t h a t  G u l l i v e r  might 

t r ansmi t  t o  e a r t h ?  A negat ive  r e s u l t ,  i f  inst rument  f a i l u r e  i s  pre-  

c luded ,  means t h a t  l i f e  similar t o  t h a t  on e a r t h  was no t  found a t  

t h e  time and p l ace  the  Martian sur face  was sampled. 

exp lo ra t ion  would probably continue u n t i l  manned landings on Mars had 

been achieved, o r ,  poss ib ly ,  u n t i l  t he  e a l i e r  d a t e  when a sample of 

Mart ian s o i l  had been re turned  t o  e a r t h  by instruments .  A p o s i t i v e  

Specu la t ive  

-11- 
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14 C O2 EVOLVED BY ALGAE 
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r e s u i t  from Gui i ive r  w i i i  do more than e s t a b l i s h  t h e  e x i s t e n c e  of 

e x t r a t e r r e s t r i a l  l i f e  although tha t  o b j e c t i v e  i n  i t s e l f  seems 

adequate t o  j u s t i f y  an in t e rp l ane ta ry  experiment. I n  t h e  event 

reproduct ion occurs ,  more than one exponent ia l  growth phase,  such as 

i s  seen i n  Figure 2 ,  would ind ica t e  the  presence of more than one 

type of organism. Gross c h a r a c t e r i z a t i o n  of t h e  organism may begin 

with t h e  determinat ion of t he  lag phase which the curve may reveal. 

This c h a r a c t e r i z a t i o n  would be augmented by t h e  gene ra t ion  per iod 

which can be obtairied r e a d i l y  from the s l o p e  of t he  exponent ia l  

po r t ion  of the curve. I f  t he  curve were synchronously modulated 

wi th  t h e  admission and exclusion of l i g h t  t o  t h e  c u l t u r e  chamber, 

t h e  presence of photosynthet ic  organisms would be s t rong ly  

ind ica t ed .  

I f  l i f e  i s  found on Mars, Gu l l ive r  can be modified t o  perform 

more r e f i n e d  biochemical experiments on subsequent missions.  The 

use  of mutiple  chambers w i l l  permit t h e  study of t h e  organisms under 

c o n t r o l l e d  environments with se l ec t ed  s u b s t r a t e s ,  c o f a c t o r s  o r  

i n h i b i t o r s .  These may be present  i n i t i a l l y  o r  added during the  course 

o f  t h e  experiment. 

of exobiology, would be t o  determine i f  l i f e  forms on the  e a r t h  and 

Mars a rose  independently,  o r  from a common o r i g i n .  I n  t h e  case  of 

t h e  former,  t h i s  would c l e a r l y  imply t h a t  , under t h e  appropr i a t e  

environmental cond i t ions ,  t h e  evolut ion of l i f e  might be expected 

t o  be widespread throughout t h e  universe.  I f  Mars and e a r t h  l i f e  

shared a common a n c e s t r y ,  i n v e s t i g a t i o n s  would seek t o  determine whether 

one p l ane t  i n  some way inoculated the  o t h e r  o r  whether both were 

inoculated from a t h i r d  source.  

The a i m  of such s t u d i e s ,  and of t h e  i n i t i a l  phase 
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